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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new kind of potent microorganisms intended 
for biodegrading epichlorohydrin, and a method for biodegrading epichlorohydrin using 
the above microorganisms, in particular for degrading epichlorohydrin contained in 
effluents and waste liquors. 

SOLUTION: This method for biodegrading epichlorohydrin comprises using a strain 
selected from each new kind of microorganisms Arthrobacter ureafaciens 3CL7 (FERM 
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biodegrading epichlorohydrin, and a method for biodegrading epichlorohydrin using the above 
microorganisms, in particular for degrading epichlorohydrin contained in effluents and waste 
liquors. SOLUTION: This method for biodegrading epichlorohydrin comprises using a strain selected 
from each new kind of microorganisms Arthrobacter ureafaciens 3CL7 (FERM P-17450) strain, 
Microbacterium sp. CL13 (FERM P-17452) and Erwinia carotovora 4CL5 (FERM P-17451) strain. 
JPO Machine translation abstract: 
(57) Abstract 

SUBJECT Offer of the method of decomposing the epichlorohydrin contained in decomposition of 
epichlorohydrin using the powerful new microorganism for decomposition of epichlorohydrin, and 
its microorganism especially wastewater, and waste fluid. 

Means for SolutionMicroorganism Arthrobacter urea FASHI nth 3CL7(Arthrobacter ureafaciens 3C 
L7)FERM P-17450 new strain, Micro bacterium species CL13(Microbacterium sp. CL13)FERM P- 
17452 strain or Elvey Nia KAROTOBORA 4CL5(Erwinia carotovora 4CL5)FERM. A decomposing 
method of epichlorohydrin using a strain chosen from P-17451 strain. 



Claim(s) 

Claim lArthrobacter urea FASHI nth 3CL7(Arthrobacter ureafaciens 3C L7)FERM P-17450 strain, 
Micro bacterium species CL13(Microbacterium sp. CL13)FERM P-17452 strain or Elvey Nia 
KAROTOBORA 4CL5(Erwinia carotovora 4CL5)FERM. A decomposing method of epichlorohydrin 
using a strain chosen from P-17451 strain. 

Claim 2Arthrobacter urea FASHI nth 3CL7(Arthrobacter ureafaciens 3C L7)FERM P-17450 strain. 
Claim 3Micro bacterium species CL13(Microbacteriumsp. CL13)FERM P-17452 strain. 
Claim 4Elvey Nia KAROTOBORA 4CL5(Erwinia carotovora 4CL5)FERMP-17451 strain. 



Detailed Description of the Invention 
0001 

Field of the InventionThis invention relates to how to process the wastewater containing the 
epichlorohydrin discharged from the process of using manufacture of epichlorohydrin, or 
epichlorohydrin. Epichlorohydrin is manufactured and consumed in large quantities as synthetic 
powder of a chemistry article. 
0002 

Description of the Prior ArtThere is special difficulty in processing on the industrial scale of an 
organic compound with combination of halogen carbon like epichlorohydrin. That is, since the 
carbon-halogen covalent bond is stable, it is taking great cost to cut this. The organic substance 
these-halogenated conventionally is disassembled by chemical, a physical method, and the 
biological method. As a physical method used here, they are the adsorption by activated carbon, 
and an extraction method. However, this method has the problem that a lot of activated carbon 
and extracts which were polluted with the halogenated organic compound arise, and requires great 
expense for these processings. Next, it is the method of decomposing an elevated temperature in 
oxidative atmosphere and disassembling a halogenated compound on high voltage conditions as 
chemical processing, in many cases. For example, biological treatment is performed for wastewater 
after thermal alkali treatment using gram negative bacteria, such as gram positive bacteria, such 
as the Cellulomonas bacteria, and the Alcaligenes bacteria, as shown in JP,H6-320194,A and a U.S. 
Pat. No. 5478472 item gazette. The case is performing chemical oxidation treatment. However, by 
this method, the upper energy cost which needs special equipment is large, and cannot call it an 
economical approach. After electrolyzing to JP,S50-032767,A, how to process by an ion-exchange 
membrane is also shown. ****** needs many energies similarly. In addition, there is the method 
of processing with metal or metal hydride with an organic halogenated compound and high 
reactivity, and cost cannot say this that cracking severity is also enough high again, either. 
0003As mentioned above, under the present circumstances, since there is no method of 
decomposing economical outstanding epichlorohydrin, it is obliged to incineration processing of 
waste fluid using great energy. However, generating of dioxin has been a globally big problem like 
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recent years, burning is also difficult, and environment was asked for the economical approach with 
little load. 

0004Mulliken and others (Eur. J. Biochem. 202 and 1217 (1991)), Although Agrobacterium radio 
Baktar (Agrobacterium radiobacter AD1) has reported growing epichlorohydrin as a single carbon 
source, it differs from the microorganism of this invention. The culture concentration of 
epichlorohydrin is to 5mM. Kasai and others (Agric. Biol. Chem. 54. 3185 (1990)) has single 
Pseudomonas sp. (Pseudomonas sp. OS-K-29) in epichlorohydrin. Although it has said that it grows 
as a carbon source, It differs from the microorganism of this invention. The culture concentration of 
epichlorohydrin is up to about 25 mM(s) (0.2%). 
0005 

Problem to be solved by the inventionThe purpose of this invention is to provide the method of 
decomposing the epichlorohydrin contained in decomposition of epichlorohydrin using the powerful 
new microorganism for decomposition of epichlorohydrin, and its microorganism especially 
wastewater, and waste fluid. 
0006 

Means for solving problemln order for this invention person to develop the new biochemical 
disposal method of epichlorohydrin, when a strain was broadly screened in a nature, he found out 
that some bacteria decomposed epichlorohydrin. That is, the new strain which decomposes high- 
concentration epichlorohydrin is acquired out of soil of Yamaguchi Prefecture in Japan, and it is 
solved by providing a biochemical disposal method of epichlorohydrin by contacting these strains to 
an aqueous medium containing epichlorohydrin. 
0007 

Mode for carrying out the inventionHereafter, this invention is explained in detail. 
(1) The 3CL7 share, 13 shares of CLs, and five shares of 4CLs which were newly separated in 
microorganism this invention are screened, are isolated from soil in Yamaguchi, and have high 
epichlorohydrin decomposition activity. These new strains are shown below. 

0008Seven shares of Arthrobacter urea FASHI nth 3CLs are deposited with National Institute of 
Bioscience and Human-Technology as FERM P-17450. 

0009Micro bacterium species CL13 is deposited with National Institute of Bioscience and Human- 
Technology as FERM P-17452. 

OOlOEIvey Nia KAROTOBORA 4CL5 is deposited with National Institute of Bioscience and Human- 
Technology as FERM P-17451. Below, the mycology character of these new strains is shown. 
0011 

5 shares of 13 shares of 3CL seven-share CLs 4CL (a) morphometrical characteristic . form of one 
cell Bacillus Bacillus the size (micrometer) of Bacillus 2 cell — 0.6x1 0.6x2 0.8x1 Existence + of 2 
pleiomorphia + - Existence - of 3 motility - + Existence - of 4 spore - -(b) culture character -- 1 
bouillon agar plate culture (for 30 ** and three days) 

b) colony form (a diameter.) mm) 2 2 Three Form of a RO colony Circular . Circular Circular Form 
of the surface of the Ha colony Smooth . Smooth Smooth Upheaval state of a NI colony Low- 
convex-like . The shape of low convex The shape of low convex Periphery of a HO colony Entire 
fringe smooth . entire fringe smooth entire fringe -- smooth Color tone of a HE colony Yellow 
Yellow cream Transparency of a TO colony Opaque Opaque Opaque Gloss of a CHI colony **** 
**** gloss Generation of the Li soluble pigment Nothing Nothing Nothing 2 bouillon agar slant 
culture (for 30 ** and three days) 

b) a quality of growth Fitness Fitness Fitness Gloss of a RO colony **** **** **** -- 3 bouillon 
liquid culture (for 30 ** and seven days) 

b) surface growth **** **** **** ro turbidity It becomes muddy. It becomes muddy. It becomes 
muddy. The Ha precipitate Powder Powder Powder The NI generation of gas Nothing Nothing 
Nothing 4 bouillon gelatin (for 30 ** and seven days) 

Gelatin liquefaction +5 litmus milk - - (30 **) A blue stain during seven days Erythrochromia Blue 

stain (c) physiological property . 1 Gram's stain + + - Two Nitrate's reduction . h Three 

Denitrification reaction 4. MR test Five VP test . - - + Six Indore generation - -. + Seven 

Generation of hydrogen sulfide 8. Hydrolysis of starch 9 citrate use . b) Koser-f + + 

RO Christensen. + + + Ten Generation of a pigment I King. A culture-medium RO King B 

culture-medium . 11 Urease .12 Oxidase 13 Catalase . + + +14 The range of growth 

I pH 5-9. 6-9 6-8 RO temperature 30 **+ +. + 37 **+ - - 41 **+ -. - 15 An attitude against 
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oxygen Common gender anaerobiosis . Aerotropism A common gender anaerobic 16 O-F test 
(glucose), oxidative -- oxidative Generation of acid from fermentation 17 sugars, and gas Acid Gas 

Acid Gas Acid Gas 1 L-arabinose + - 2 D-xylose + - 3 D-glucose h + 4 D- 

mannose -. + - 5 D-fructose . h - 6 D-galactose . h - Seven Malt sugar . + 

- Eight Shook sirloin .-- + - + - Nine Lactose . h - Ten Trehalose . + - 11 D-sorbitol . 

+ - 12 D-mannitol . + - 13 Glycerin . + - 14 Starch . + - 15 Raffinose . - - 

- - + - 16 Inulin . + - 17 D-ribose . + - 18 Sorbose . - - + - + - 19 Carboxymethyl 

cellulose . 20 Glycogen . Other -(d) and many character . Vitamin demand nature 

Nothing It makes and nothing Disassembly of arginine . + + - Decomposition of histidinol 

Disassembly of nicotine Salt tolerance 5%+ - + 7%h 10% Phenylalanine deaminase 

Cell wall amino acid Lysine. ornithine0012Based on the above-mentioned mycology character, 

according to description of a bar JIZU manual OBU SHISUTEMA tic bacteriology (Bergey's Mannual 
of Systematic Bacteriology), Each strain of said 3C L7, CL13, and 4CL5 was identified as follows. 
0013Namely, as for 3CL7 share, the life cycle of a micrococcus-Bacillus is observed in a Gram 
positive, a short Bacillus (0.6x1 micrometer), yellow-coloring-matter production, the formation 
nothing of a spore, motile nothing one, a common gender anaerobiosis, oxidase negativity, the 
utilization incompetence of various carbohydrates, and the temporal shape change of a cell. 
Generation of acid from glucose is not seen, but since lysine is included in a cell wall, it belongs to 
Arthrobacter. Arthrobacter urea FASHI since there is **** on that there is no assimilation of not 
hydrolyzing starch, nicotine, and histidinol, and 2-hydroxypyridine agar about a green pigment as 
for nothing -- it identified nth. 

001413 shares of CLs have a Gram positive, a short Bacillus (0.6x2 micrometers), the generation 
nothing of a spore, aerotropism, oxidase negativity, the utilization incompetence of various 
carbohydrates, yellow-coloring-matter production, and no motility. 95.8% and high homology were 
shown to micro bacterium RUTEORAMU from the sequence analysis of that diaminopimelic acid is 
not included but ornithine is included from cell wall amino acid analysis, not hydrolyzing starch, not 
producing acid from glucose, and 16S rDNA. However, since the kind in which the same character 
is shown was not known, the micro bacterium species was identified as one bacteria belonging to 
Microbacterium. 

0015Five shares of 4CLs decompose Gram negative, a short Bacillus (0.8x1 micrometer), the 
generation nothing of a spore, motile ****, a common gender anaerobiosis, a catalase positivity, 
and glucose in fermentation, and produce acid and gas. Oxidase negativity and citrate are available 
and Those with the Indore production, hydrogen sulfide production nothing, Those with acetoin 
production, glucose, D-mannitol, inositol, Since acid was produced from malt sugar and trehalose 
without those of various carbohydrates, such as D-sorbitol and L-rhamnose, with utilization ability, 
and the availability of chestnut acid chloride and acetoin was generated, Elvey Nia KAROTOBORA 
was identified. 

0016These strains are made to produce variation and a strain with still higher productivity can also 
be obtained. The gene which participates in decomposition of the epichlorohydrin which exists in 
the cell of these strains is started, Insert this in suitable vector, for example, plasmid, and using 
this vector A suitable host, For example, the different-species host or Arthrobacter like an 
ESSHIERIHHIA Coli (Escherichia coli) or yeast, The epichlorohydrin decomposition stock of this 
invention can also be artificially created by transforming the host of the same kind like 
Microbacterium or genus-erwinia bacteria. 

0017(2) When the microorganism of the culturing method above of a microorganism tends to be 
cultivated and it is going to manufacture the epichlorohydrin decomposition activity stock of this 
invention, as long as the microorganism of this invention may propagate, any may be used as a 
basic nutrient medium. This culture medium contains one kind, such as ammonium sulfate, a yeast 
extract, peptone, and a meat extract, or two or more kinds as a nitrogen source. Glucose, starch, 
glycerin, etc. can be added to this culture medium as a carbon source if needed. It is preferred to 
add mineral, for example, phosphoric acid dipotassium, sodium chloride, magnesium sulfate, etc. 
to this culture medium. It is also preferred to add an epoxide compound, such as epichlorohydrin 
etc. of a small quantity which can serve as an inductor of an enzyme. Although the addition of 
epichlorohydrin changes with the presentation of a basal medium, and character of the strain to 
cultivate, it is about 0.01 to 5%. 

0018Although culture may use any of a solid medium or a liquid medium, in order to obtain a 
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hyperactive stock so much, it is preferred to cultivate under aerobic conditions by shaking culture, 
aeration, spinner culture, etc. using a liquid medium. As long as it is in the temperature 
requirement where a bacillus grows culture temperature and epichlorohydrin is decomposed, which 
temperature may be sufficient, but it is 25-45 ** preferably. pH — 5-11 -- it is the range of 6-10 
preferably. Although the culture time should just choose the time when enzyme activity is 
revealed, it is 6 to 72 hours preferably. 

0019The treating material, culture supernatant fluid, culture supernatant fluid which include the 
culture medium containing a cell, and the source of an epichlorohydrin dialytic ferment as aspect of 
a bacteria biomass although there is no restriction in particular. Or further, if the treating material 
of the biomass separated from culture medium, the enzyme agent obtained from this, these 
enzymes or the thing which fixed the enzyme inclusion with the conventional method, etc. is the 
methods enforced as an enzyme reaction means, a reaction can be presented. 
0020(3) Although there is no restriction in particular about the aspect of decomposition of 
decomposition epichlorohydrin of epichlorohydrin, if epichlorohydrin as a substrate and water are 
contained in the reaction mixture which usually contains the aforementioned bacteria biomass, a 
reaction will advance. 

0021If epichlorohydrin of a raw material is a grade which does not check a reaction, it will 
especially change with concentration of the bacteria biomass in reaction mixture, etc., and will not 
be limited, but it is convenient to consider it as 1-500 g/L. In a batch type reaction, it can also add 
at once at the time of a reaction start, and epichlorohydrin can be divided into multiple times with 
advance of a reaction, or can also be added continuously. 

0022As a reaction medium, the aquosity liquid, for example, an aqueous buffer, containing water 
or acetone, acetonitrile, dimethyl sulfoxide, dimethylformamide, etc. can be used. As buffer 
solution, tris-chloride buffer solution, potassium phosphate buffer solution, etc. can be used, for 
example. The organic solvent which is not mixed with water, such as ketone, ether, hydrocarbon, 
an aromatic olefin, halogenated hydrocarbon, organic acid ester, alcohol, and nitril, can also be 
used. For example, methyl butyl ketone, isopropyl ether, petroleum ether, Hexane, heptane, 
cyclohexane, a carbon tetrachloride, chloroform, a methylene dichloride, trichloroethane, benzene, 
toluene, xylene, ethyl acetate, butyl acetate, butanol, a hexanol, octanol, etc. can be used. The 
mixture of those organic solvents can also be used and it can also be made to react as a bilayer 
system with the organic solvent and aqueous buffer which saturated water or micell, reversed 
micelle, and an emulsion. 

0023as pH of a reaction -- pH 5-11 -- it is preferably referred to as pH 6-10. Although the 
temperature of a reaction can be considered to be pH of a reaction the same way, 20-60 ** is 
usually 25-50 ** preferably. Although reaction time in particular is not limited, it maintains a 
reaction until it depends without the substrate concentration of a reaction mixture, enzymatic- 
activity value, etc. and substrate epichlorohydrin is fully decomposed. 
0024 

Working exampleNext, an embodiment explains this invention still more concretely. 
0025NaCI0.3% and 0.3% of a meat extract are contained embodiment 1 peptone 0.5%, Nutrient 
culture-medium 5mL prepared to pH 7.0 is put into a test tube, After heat-sterilizing for 15 
minutes, 120 ** of epichlorohydrin is added so that it may be set to 500mM from 0.5, 
Respectively, Arthrobacter urea FASHI nth 3C L7 (FERM P-17450) and micro bacterium species 
CL13 (FERM P-17452) and Elvey Nia KAROTOBORA 4CL5 (FERMP-17451) were inoculated, and 
shaking culture was carried out for two days at 30 **. As for Elvey Nia KAROTOBORA 4CL5, as for 
Arthrobacter urea FASHI nth 3C L7, growth by epichlorohydrin to 24mM was accepted to 26mM 
micro bacterium species CL13 to 30mM. 

0026Embodiment 2K 2 HPO 4 0.56%, KH 2 PO 4 0.24%, (NH 4 ) 2 SO 4 0.1%, 0.1% of salt, MgS0 4 and 7H 

2 O0.02%, 0.01% of a yeast extract, The culture medium 0.4L which contained vitamin mixture and 

a trace element salt and was prepared to pH 7.0 120 **, After heat-sterilizing for 15 minutes, 
epichlorohydrin was added so that it might be set to lOmM (370mg/0.4L), Arthrobacter urea FASHI 
nth 3C L7 (FERM P-17450) was inoculated, and shaking culture was carried out at 30 **. The 
concentration of the chloride ion in a culture medium was measured by the method (25, Bull. 
Chem. Soc. Japan, 256. (1952) besides Iwasaki) of Iwasaki. Epichlorohydrin of lOmM contained in 
the culture medium decreased with culture progress, and disappeared thoroughly in about 40 
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hours. Growth of the bacillus became the highest in about 100 hours. The chloride-ion 
concentration in a culture medium became the highest about 150 hours afterward, and reached 
lOmM. 

0027The same culture medium as embodiment 3 Embodiment 2 was prepared, Arthrobacter urea 
FASHI nth 3C L7 (FERM P-17450) was inoculated, and shaking culture was carried out at 30 **. 0. 
After physiological sodium chloride solution washed the biomass from the culture medium of 4L, it 
suspended to 0.1M phosphate buffer solution (pH 7.0) 40mL, and epichlorohydrin was added so 
that it might become 10 mM, and it shook at 160 rpm at 30 **. The epichlorohydrin contained 10 
mM decreased with time progress, and disappeared thoroughly in about 140 minutes. 
0028The same culture medium as embodiment 4 Embodiment 2 was prepared, micro bacterium 
species CL13 (FERM P-17452) was inoculated, and shaking culture was carried out at 30 **. 
Epichlorohydrin of lOmM contained in the culture medium decreased with culture progress, and 
disappeared thoroughly in about 100 hours. Growth of the bacillus became the highest in about 
100 hours. The chloride-ion concentration in a culture medium became the highest about 120 
hours afterward, and reached lOmM. 

0029The same culture medium as embodiment 5 Embodiment 2 was prepared, micro bacterium 
species CL13 (FERM P-17452) was inoculated, and shaking culture was carried out at 30 **. 0. 
After physiological sodium chloride solution washed the biomass from the culture medium of 4L, it 
suspended to 0.1M phosphate buffer solution (pH 7.0) 40mL, and epichlorohydrin was added so 
that it might be set to lOmM, and it shook at 160 rpm at 30 **. The epichlorohydrin contained 10 
mM decreased with time progress, and disappeared thoroughly in about 70 minutes. 
0030The same culture medium as embodiment 6 Embodiment 2 was prepared, Elvey Nia 
KAROTOBORA 4CL5 (FERM P-17451) was inoculated, and shaking culture was carried out at 30 **. 
Epichlorohydrin of lOmM contained in the culture medium decreased with culture progress, and 
disappeared thoroughly in about 80 hours. Growth of the bacillus became the highest in about 150 
hours. The chloride-ion concentration in a culture medium became the highest about 120 hours 
afterward, and reached 5mM. 

0031The same culture medium as embodiment 7 Embodiment 2 was prepared, Elvey Nia 
KAROTOBORA 4CL5 (FERM P-17451) was inoculated, and shaking culture was carried out at 30 **. 
0. After physiological sodium chloride solution washed the biomass from the culture medium of 4L, 
it suspended to 0.1M phosphate buffer solution (pH 7.0) 40mL, and epichlorohydrin was added so 
that it might be set to lOmM, and it shook at 160 rpm at 30 **. The epichlorohydrin contained 10 
mM decreased with time progress, and disappeared thoroughly in about 15 minutes. 
0032 

Effect of the InventionThe efficient method processing of decomposition of the epichlorohydrin 
contained in decomposition of epichlorohydrin using the powerful new microorganism for 
decomposition of the new epichlorohydrin brought about by this invention and its microorganism 
especially wastewater, and waste fluid is attained. 



Field of the InventionThis invention relates to how to process the wastewater containing the 
epichlorohydrin discharged from the process of using manufacture of epichlorohydrin, or 
epichlorohydrin. Epichlorohydrin is manufactured and consumed in large quantities as synthetic 
powder of a chemistry article. 



Description of the Prior ArtThere is special difficulty in processing on the industrial scale of an 
organic compound with combination of halogen carbon like epichlorohydrin. That is, since the 
carbon-halogen covalent bond is stable, it is taking great cost to cut this. The organic substance 
these-halogenated conventionally is disassembled by chemical, a physical method, and the 
biological method. As a physical method used here, they are the adsorption by activated carbon, 
and an extraction method. However, this method has the problem that a lot of activated carbon 
and extracts which were polluted with the halogenated organic compound arise, and requires great 
expense for these processings. Next, it is the method of decomposing an elevated temperature in 
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oxidative atmosphere and disassembling a halogenated compound on high voltage conditions as 
chemical processing, in many cases. For example, biological treatment is performed for wastewater 
after thermal alkali treatment using gram negative bacteria, such as gram positive bacteria, such 
as the Cellulomonas bacteria, and the Alcaligenes bacteria, as shown in JP,H6-320194,A and a U.S. 
Pat. No. 5478472 item gazette. The case is performing chemical oxidation treatment. However, by 
this method, the upper energy cost which needs special equipment is large, and cannot call it an 
economical approach. After electrolyzing to JP,S50-032767,A, how to process by an ion-exchange 
membrane is also shown. ****** needs many energies similarly. In addition, there is the method 
of processing with metal or metal hydride with an organic halogenated compound and high 
reactivity, and cost cannot say this that cracking severity is also enough high again, either. 
0003As mentioned above, under the present circumstances, since there is no method of 
decomposing economical outstanding epichlorohydrin, it is obliged to incineration processing of 
waste fluid using great energy. However, generating of dioxin has been a globally big problem like 
recent years, burning is also difficult, and environment was asked for the economical approach with 
little load. 

0004Mulliken and others (Eur. J. Biochem. 202 and 1217 (1991)), Although Agrobacterium radio 
Baktar (Agrobacterium radiobacter AD1) has reported growing epichlorohydrin as a single carbon 
source, it differs from the microorganism of this invention. The culture concentration of 
epichlorohydrin is to 5mM. Kasai and others (Agric. Biol. Chem. 54. 3185 (1990)) has single 
Pseudomonas sp. (Pseudomonas sp. OS-K-29) in epichlorohydrin. Although it has said that it grows 
as a carbon source, It differs from the microorganism of this invention. The culture concentration of 
epichlorohydrin is up to about 25 mM(s) (0.2%). 



Effect of the InventionThe efficient method processing of decomposition of the epichlorohydrin 
contained in decomposition of epichlorohydrin using the powerful new microorganism for 
decomposition of the new epichlorohydrin brought about by this invention and its microorganism 
especially wastewater, and waste fluid is attained. 



Working exampleNext, an embodiment explains this invention still more concretely. 
OO25NaCI0.3% and 0.3% of a meat extract are contained embodiment 1 peptone 0.5%, Nutrient 
culture-medium 5mL prepared to pH 7.0 is put into a test tube, After heat-sterilizing for 15 
minutes, 120 ** of epichlorohydrin is added so that it may be set to 500mM from 0.5, 
Respectively, Arthrobacter urea FASHI nth 3C L7 (FERM P-17450) and micro bacterium species 
CL13 (FERM P-17452) and Elvey Nia KAROTOBORA 4CL5 (FERMP-17451) were inoculated, and 
shaking culture was carried out for two days at 30 **. As for Elvey Nia KAROTOBORA 4CL5, as for 
Arthrobacter urea FASHI nth 3C L7, growth by epichlorohydrin to 24mM was accepted to 26mM 
micro bacterium species CL13 to 30mM. 

0026Embodiment 2K 2 HPO 4 0.56%, KH 2 PO 4 0.24%, (NH 4 ) 2 SO 4 0.1%, 0.1% of salt, MgS0 4 and 7H 

2 O0.02%, 0.01% of a yeast extract, The culture medium 0.4L which contained vitamin mixture and 

a trace element salt and was prepared to pH 7.0 120 **, After heat-sterilizing for 15 minutes, 
epichlorohydrin was added so that it might be set to lOmM (370mg/0.4L), Arthrobacter urea FASHI 
nth 3C L7 (FERM P-17450) was inoculated, and shaking culture was carried out at 30 **. The 
concentration of the chloride ion in a culture medium was measured by the method (25, Bull. 
Chem. Soc. Japan, 256. (1952) besides Iwasaki) of Iwasaki. Epichlorohydrin of lOmM contained in 
the culture medium decreased with culture progress, and disappeared thoroughly in about 40 
hours. Growth of the bacillus became the highest in about 100 hours. The chloride-ion 
concentration in a culture medium became the highest about 150 hours afterward, and reached 
lOmM. 

0027The same culture medium as embodiment 3 Embodiment 2 was prepared, Arthrobacter urea 
FASHI nth 3C L7 (FERM P-17450) was inoculated, and shaking culture was carried out at 30 **. 0. 
After physiological sodium chloride solution washed a biomass from a culture medium of 4L, it 
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suspended to 0.1M phosphate buffer solution (pH 7.0) 40ml_, and epichlorohydrin was added so 
that it might become 10 mM, and it shook at 160 rpm at 30 **. Epichlorohydrin contained 10 mM 
decreased with time progress, and disappeared thoroughly in about 140 minutes. 
0028The same culture medium as embodiment 4 Embodiment 2 was prepared, micro bacterium 
species CL13 (FERM P-17452) was inoculated, and shaking culture was carried out at 30 **. 
Epichlorohydrin of lOmM contained in a culture medium decreased with culture progress, and 
disappeared thoroughly in about 100 hours. Growth of a bacillus became the highest in about 100 
hours. Chloride-ion concentration in a culture medium became the highest about 120 hours 
afterward, and reached lOmM. 

0029The same culture medium as embodiment 5 Embodiment 2 was prepared, micro bacterium 
species CL13 (FERM P-17452) was inoculated, and shaking culture was carried out at 30 **. 0. 
After physiological sodium chloride solution washed a biomass from a culture medium of 4L, it 
suspended to 0.1M phosphate buffer solution (pH 7.0) 40mL, and epichlorohydrin was added so 
that it might be set to lOmM, and it shook at 160 rpm at 30 **. Epichlorohydrin contained 10 mM 
decreased with time progress, and disappeared thoroughly in about 70 minutes. 
0030The same culture medium as embodiment 6 Embodiment 2 was prepared, Elvey Nia 
KAROTOBORA 4CL5 (FERM P-17451) was inoculated, and shaking culture was carried out at 30 **. 
Epichlorohydrin of lOmM contained in the culture medium decreased with culture progress, and 
disappeared thoroughly in about 80 hours. Growth of the bacillus became the highest in about 150 
hours. The chloride-ion concentration in a culture medium became the highest about 120 hours 
afterward, and reached 5mM. 

0031The same culture medium as embodiment 7 Embodiment 2 was prepared, Elvey Nia 
KAROTOBORA 4CL5 (FERM P-17451) was inoculated, and shaking culture was carried out at 30 **. 
0. After physiological sodium chloride solution washed the biomass from the culture medium of 4L, 
it suspended to 0.1M phosphate buffer solution (pH 7.0) 40mL, and epichlorohydrin was added so 
that it might be set to lOmM, and it shook at 160 rpm at 30 **. The epichlorohydrin contained 10 
mM decreased with time progress, and disappeared thoroughly in about 15 minutes. 



Problem to be solved by the inventionThe purpose of this invention is to provide the method of 
decomposing the epichlorohydrin contained in decomposition of epichlorohydrin using the powerful 
new microorganism for decomposition of epichlorohydrin, and its microorganism especially 
wastewater, and waste fluid. 



Means for solving problemln order for this invention person to develop the new biochemical 
disposal method of epichlorohydrin, when a strain was broadly screened in a nature, he found out 
that some bacteria decomposed epichlorohydrin. That is, the new strain which decomposes high- 
concentration epichlorohydrin is acquired out of soil of Yamaguchi Prefecture in Japan, and it is 
solved by providing a biochemical disposal method of epichlorohydrin by contacting these strains to 
an aqueous medium containing epichlorohydrin. 
0007 

Mode for carrying out the inventionHereafter, this invention is explained in detail. 
(1) The 3CL7 share, 13 shares of CLs, and five shares of 4CLs which were newly separated in 
microorganism this invention are screened, are isolated from soil in Yamaguchi, and have high 
epichlorohydrin decomposition activity. These new strains are shown below. 

0008Seven shares of Arthrobacter urea FASHI nth 3CLs are deposited with National Institute of 
Bioscience and Human-Technology as FERM P-17450. 

0009Micro bacterium species CL13 is deposited with National Institute of Bioscience and Human- 
Technology as FERM P-17452. 

OOlOEIvey Nia KAROTOBORA 4CL5 is deposited with National Institute of Bioscience and Human- 
Technology as FERM P-17451. Below, mycology character of these new strains is shown. 
0011 

5 shares of 13 shares of 3CL seven-share CLs 4CL (a) morphometrical characteristic . form of one 
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cell Bacillus Bacillus the size (micrometer) of Bacillus 2 cell -- 0.6x1 0.6x2 0.8x1 Existence + of 2 
pleiomorphia + - Existence - of 3 motility - + Existence - of 4 spore - -(b) culture character -- 1 
bouillon agar plate culture (for 30 ** and three days) 

b) colony form (a diameter.) mm) 2 2 Three Form of a RO colony Circular . Circular Circular Form 
of the surface of the Ha colony Smooth . Smooth Smooth Upheaval state of a INI colony Low- 
convex-like . The shape of low convex The shape of low convex Periphery of a HO colony Entire 
fringe smooth . entire fringe -- smooth entire fringe -- smooth Color tone of a HE colony Yellow 
Yellow cream Transparency of a TO colony Opaque Opaque Opaque Gloss of a CHI colony **** 
**** d u || gloss Generation of the Li soluble pigment Nothing Nothing Nothing 2 bouillon agar slant 
culture (for 30 ** and three days) 

b) Quality of growth Fitness Fitness Fitness Gloss of a RO colony **** **** it is and is 3 bouillon 
liquid culture (for 30 ** and seven days). 

b) Surface growth **** **** **** ro turbidity It becomes muddy. It becomes muddy. It becomes 
muddy. Ha precipitate Powder Powder Powder NI generation of gas Nothing Nothing Nothing 4 
bouillon gelatin (for 30 ** and seven days) 

Gelatin liquefaction +5 litmus milk - - (30 **) Blue stain during seven days Erythrochromia Blue 
stain (c) physiological property . 1 Gram's stain 4- + - Two Nitrate's reduction . - - + Three 

Denitrification reaction 4. MR test Five VP test . - - + Six Indore generation - -. + Seven 

Generation of hydrogen sulfide 8. Hydrolysis of starch 9 citrate use . b) Koser+ + + 

RO Christensen. + + + Ten Generation of a pigment I King. A culture-medium RO King B 

culture-medium . 11 Urease .12 Oxidase 13 Catalase . + + +14 The range of growth 

I pH 5-9. 6-9 6-8 RO temperature 30 **+ +. + 37 **+ - - 41 **+ -. - 15 Attitude against oxygen 
Common gender anaerobiosis . Aerotropism A common gender anaerobic 16 O-F test (glucose), 
oxidative -- oxidative Generation of acid from fermentation 17 sugars, and gas Acid Gas Acid Gas 

Acid Gas 1 L-arabinose h - 2 D-xylose + - 3 D-glucose + + 4 D-mannose -. 

+ - 5 D-fructose . + - 6 D-galactose . + - Seven Malt sugar . + - Eight Shook 

sirloin .-- + - + - Nine Lactose . + - Ten Trehalose . + -11 D-sorbitol . + - 12 

D-mannitol . + - 13 Glycerin . + - 14 Starch . + - 15 Raffinose . + - 16 

Inulin . + - 17 D-ribose . + - 18 Sorbose . - - + - + - 19 Carboxymethyl cellulose . - - 

20 Glycogen . Other -(d) and many character . Vitamin demand nature Nothing It 

makes and nothing Disassembly of arginine . + + - Decomposition of histidinol Disassembly 

of nicotine Salt tolerance 5%+ - + 7%+ - - 10% Phenylalanine deaminase Cell wall 

amino acid Lysine. ornithine0012Based on the above-mentioned mycology character, according to 
description of a bar JIZU manual OBU SHISUTEMA tic bacteriology (Bergey's Mannual of Systematic 
Bacteriology), Each strain of said 3C L7, CL13, and 4CL5 was identified as follows. 
0013Namely, as for 3CL7 share, the life cycle of a micrococcus-Bacillus is observed in a Gram 
positive, a short Bacillus (0.6x1 micrometer), yellow-coloring-matter production, the formation 
nothing of a spore, motile nothing one, a common gender anaerobiosis, oxidase negativity, the 
utilization incompetence of various carbohydrates, and the temporal shape change of a cell. 
Generation of acid from glucose is not seen, but since lysine is included in a cell wall, it belongs to 
Arthrobacter. Arthrobacter urea FASHI since there is **** on that there is no assimilation of not 
hydrolyzing starch, nicotine, and histidinol, and 2-hydroxypyridine agar about a green pigment as 
for nothing -- it identified nth. 

001413 shares of CLs have a Gram positive, a short Bacillus (0.6x2 micrometers), the generation 
nothing of a spore, aerotropism, oxidase negativity, the utilization incompetence of various 
carbohydrates, yellow-coloring-matter production, and no motility. 95.8% and high homology were 
shown to micro bacterium RUTEORAMU from the sequence analysis of that diaminopimelic acid is 
not included but ornithine is included from cell wall amino acid analysis, not hydrolyzing starch, not 
producing acid from glucose, and 16S rDNA. However, since the kind in which the same character 
is shown was not known, the micro bacterium species was identified as one bacteria belonging to 
Microbacterium. 

0015Five shares of 4CLs decompose Gram negative, a short Bacillus (0.8x1 micrometer), the 
generation nothing of a spore, motile ****, a common gender anaerobiosis, a catalase positivity, 
and glucose in fermentation, and produce acid and gas. Oxidase negativity and citrate are available 
and Those with the Indore production, hydrogen sulfide production nothing, Those with acetoin 
production, glucose, D-mannitol, inositol, Since acid was produced from malt sugar and trehalose 
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without those of various carbohydrates, such as D-sorbitol and L-rhamnose, with utilization ability, 
and the availability of chestnut acid chloride and acetoin was generated, Elvey Nia KAROTOBORA 
was identified. 

0016These strains are made to produce variation and a strain with still higher productivity can also 
be obtained. A gene which participates in decomposition of epichlorohydrin which exists in a cell of 
these strains is started, Insert this in suitable vector, for example, plasmid, and using this vector A 
suitable host, For example, a different-species host or Arthrobacter like an ESSHIERIHHIA Coli 
(Escherichia coli) or yeast, An epichlorohydrin decomposition stock of this invention can also be 
artificially created by transforming a host of the same kind like Microbacterium or genus-erwinia 
bacteria. 

0017(2) When the microorganism of the culturing method above of a microorganism tends to be 
cultivated and it is going to manufacture the epichlorohydrin decomposition activity stock of this 
invention, as long as the microorganism of this invention may propagate, any may be used as a 
basic nutrient medium. This culture medium contains one kind, such as ammonium sulfate, a yeast 
extract, peptone, and a meat extract, or two or more kinds as a nitrogen source. Glucose, starch, 
glycerin, etc. can be added to this culture medium as a carbon source if needed. It is preferred to 
add mineral, for example, phosphoric acid dipotassium, sodium chloride, magnesium sulfate, etc. 
to this culture medium. It is also preferred to add an epoxide compound, such as epichlorohydrin 
etc. of a small quantity which can serve as an inductor of an enzyme. Although the addition of 
epichlorohydrin changes with the presentation of a basal medium, and character of the strain to 
cultivate, it is about 0.01 to 5%. 

0018Although culture may use any of a solid medium or a liquid medium, in order to obtain a 
hyperactive stock so much, it is preferred to cultivate under aerobic conditions by shaking culture, 
aeration, spinner culture, etc. using a liquid medium. As long as it is in the temperature 
requirement where a bacillus grows culture temperature and epichlorohydrin is decomposed, which 
temperature may be sufficient, but it is 25-45 ** preferably. pH — 5-11 — it is the range of 6-10 
preferably. Although the culture time should just choose the time when enzyme activity is 
revealed, it is 6 to 72 hours preferably. 

0019The treating material, culture supernatant fluid, culture supernatant fluid which include the 
culture medium containing a cell, and the source of an epichlorohydrin dialytic ferment as aspect of 
a bacteria biomass although there is no restriction in particular. Or further, if the treating material 
of the biomass separated from culture medium, the enzyme agent obtained from this, these 
enzymes or the thing which fixed the enzyme inclusion with the conventional method, etc. is the 
methods enforced as an enzyme reaction means, a reaction can be presented. 
0020(3) Although there is no restriction in particular about the aspect of decomposition of 
decomposition epichlorohydrin of epichlorohydrin, if epichlorohydrin as a substrate and water are 
contained in the reaction mixture which usually contains the aforementioned bacteria biomass, a 
reaction will advance. 

0021If epichlorohydrin of a raw material is a grade which does not check a reaction, it will 
especially change with concentration of the bacteria biomass in reaction mixture, etc., and will not 
be limited, but it is convenient to consider it as 1-500 g/L. In a batch type reaction, it can also add 
at once at the time of a reaction start, and epichlorohydrin can be divided into multiple times with 
advance of a reaction, or can also be added continuously. 

0022AS a reaction medium, the aquosity liquid, for example, an aqueous buffer, containing water 
or acetone, acetonitrile, dimethyl sulfoxide, dimethylformamide, etc. can be used. As buffer 
solution, tris-chloride buffer solution, potassium phosphate buffer solution, etc. can be used, for 
example. The organic solvent which is not mixed with water, such as ketone, ether, hydrocarbon, 
an aromatic olefin, halogenated hydrocarbon, organic acid ester, alcohol, and nitril, can also be 
used. For example, methyl butyl ketone, isopropyl ether, petroleum ether, Hexane, heptane, 
cyclohexane, a carbon tetrachloride, chloroform, a methylene dichloride, trichloroethane, benzene, 
toluene, xylene, ethyl acetate, butyl acetate, butanol, a hexanol, octanol, etc. can be used. The 
mixture of those organic solvents can also be used and it can also be made to react as a bilayer 
system with the organic solvent and aqueous buffer which saturated water or micell, reversed 
micelle, and an emulsion. 

0023as pH of a reaction -- pH 5-11 — it is preferably referred to as pH 6-10. Although the 
temperature of a reaction can be considered to be pH of a reaction the same way, 20-60 ** is 
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usually 25-50 ** preferably. Although reaction time in particular is not limited, it maintains a 
reaction until it depends without the substrate concentration of a reaction mixture, enzymatic- 
activity value, etc. and substrate epichlorohydrin is fully decomposed. 
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